From bright colors to bad smells, many animals use signals to warn predators of their unpalatability (aposematism; Mappes et al. 2005) . The evolution and function of warning signals has attracted attention since the first evolutionary biologists (e.g., Wallace 1867), and it has been a focus of considerable research ever since. Although much work until the last decade or so focused predominantly on the initial evolution of aposematism, and demonstrating that it works, more recent research has paid greater attention to issues such as the mechanisms that make warning signals effective (Stevens and Ruxton 2012) .
A common feature of many studies of aposematism is the focus on how predators learn to associate prey defenses with warning signals, with much research exploring how the speed and persistence of avoidance learning is influenced by levels of prey defense and signal conspicuousness. In their recent review, argue we should move away from this general approach to one of more complexity and realism. They make the case that predators do not simply learn to avoid defended prey, but instead make informed decisions as to whether to attack something based on a suite of other information and contextual factors. These may relate not just to prey toxicity but also to the nutritional value of the prey, predator energetic levels, alternative available prey, and much more besides. Skelhorn et al.'s argument is not new, but their current paper explicitly discusses the issues and benefits of such an approach.
In the first instance, Skelhorn et al. discuss how, once an association between prey toxicity and warning signal has been made, a suite of factors should affect subsequent predator responses, including the physiological state of the predator, and levels of information predators have regarding aspects of prey nutrition. Likelihood of attack should reflect a (potentially complex) equation of costs of consuming defended prey versus nutritional benefits, weighed up against factors such as the likelihood of future meals and current predator physiological state and nutritional load. Clearly, these factors do not simply reflect what happens after predators have learnt about the prey, but during the learning process too. For example, hunger state should affect the propensity of predators to attack novel prey and overcome dietary conservatism (Marples and Kelly 2001) , and potentially the speed of learning.
Skelhorn et al. focus primarily on the cognitive aspects of predator behavior and predator physiology, but there are wider factors to consider too. For one thing, studies of aposematism should adopt a more ecologically relevant approach at times. We need a better understanding of how the prey community as a whole affects the way that predators respond to defended species. This will depend on information gathering not just about the prey currently under investigation but also about the wider environment, including availability of other prey and predator communities. So far, comparatively little work has addressed these sorts of issues (but see, for example, Nokelainen et al. 2014) .
Ultimately, Skelhorn et al. argue that many of the factors that affect how predators respond to defended prey are poorly understood and that these will have a major bearing on warning signal function and evolution. An approach testing these may help clarify inconsistencies in past work. For example, generalization behavior toward defended prey is currently poorly understood, but it affects how predators respond to other aposematic prey, and to mimics. Inconsistencies in past work may partly reflect a frequent failure to account for predator perception, but the factors Skelhorn et al. highlight are likely important too.
Another area is in the study of signal honesty and aposematism. Currently, there is much discussion regarding whether the strength of warning signals is an honest indicator of prey defenses. There is some evidence that this may be the case (e.g., Arenas et al. 2015) , but also conflicting results and complex theoretical arguments (see Summers et al. 2015) , often comprising a range of largely untested assumptions about predator behavior. The idea that predators do not simply learn to avoid prey and subsequently make binary choices is highly relevant here because honest aposematic signaling would predict that predators make informed decisions about whether to attack or not based on a scale of signal conspicuousness and underlying defense.
Ultimately, Skelhorn et al.'s message is that we need to move beyond simply considering prey from being "good" or "bad" and more fully appreciate the complexity and spectrum of factors that affect predator responses. This is certainly something the field needs to do more, though testing these issues and interpreting experimental results will present a new suite of challenges.
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Much of previous research on aposematism has dealt with questions related to the "initial evolution" of aposematism of predation on defended prey: When in an established community there are prey species or individuals that differ in quantity or quality of protective chemical compounds, what are the factors that influence predators' decision to consume the prey? Behavioral ecological theory states that forager behavior approximates optimality with respect to costs and benefits and that foraging decisions are also influenced by physiological state. A series of experiments conducted by the authors confirm that this also applies to predation on chemically defended prey. The authors raise a valid point: Although aposematism is usually not considered to provide perfect protection for prey, the adaptive aspects of predation on aposematic prey have seldom been considered. make a point of how little we know about how different factors influence predator decision making (or about cognitive processes, as they call it). There is a value to identifying areas where more knowledge or new theoretical frameworks would be needed. However, there are several research topics and areas (e.g., herbivory on defended plants or pollination of flowers that vary in quality or quantity of reward they provide, optimal foraging theory, optimal defense theory) addressing questions that are similar or related to questions about information processing and decision making by predators consuming chemically defended prey and how the optimal decisions may vary with the physiological state of the consumer or the quality of the resource. Therefore, it would be even more fruitful to review and integrate such relevant knowledge from other areas to provide a foundation for the framework that the authors are asking for, to initiate the work needed to fill the indicated gaps of knowledge.
Studies dealing with the evolution of aposematism have often treated this strategy as a special case, an evolutionary paradox or peculiarity, and yet we know that there is a large range variation both in the strength of the defense and in the visual appearance (distinctiveness and conspicuousness) of defended prey. Moreover, these 2 aspects do not necessarily covary, but there are a number of prey species that possess chemical defenses and yet do not appear particularly conspicuous or distinctive at least to humans. Therefore, one of the benefits of the approach proposed by is that it makes us consider aposematic prey as something that is incorporated in the set of everyday foraging decisions that predators face. The approach would also allow us to take into account the large variability in defenses of prey. This broader angle of view may also help us to find answers to some profound questions: What is aposematism and how can we identify aposematic prey (without subjectivity), considering the enormous variability in visual appearance and in quantity and quality of defenses among prey? In which ways does the ecology of aposematic prey differ from other, defended or undefended prey? Instead of the dichotomic categorization of prey to aposematic and non-aposematic, we maybe should think of various prey benefitting from aposematism to different degrees and even different ways.
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School of Biological Sciences, Life Sciences Building, 24 Tyndall Avenue, Bristol BS8 1TQ, UK A prospective review by highlights the need for more research on what predators learn about aposematic prey (and their mimics) and how they incorporate that information into decision-making. They are right, but the scope for that message is far broader. Skelhorn et al. (2016, Abstract) seek to promote the view that "predators do not simply learn to avoid aposematic prey, but rather make adaptive decisions about both when to gather information about defended prey and when to include them in their diets." Consider instead this minor modification, "predators do not simply learn to avoid less profitable prey, but rather make adaptive decisions about both when to gather information about these prey and when to include them in their diets." Nothing controversial there; this is Optimal Foraging Theory in the late 1960s and early 1970s, with the idea that relative, rather than absolute, prey profitability drives predator decision-making (Stephens and Krebs 1986) . Just as attacking a ladybird brings a bird both costs (alkaloid toxin, time, energy) and benefits (nutrients), attacking a wildebeest brings a lion both costs (time, energy, potential kick in the teeth) and benefits (nutrients). Predator responses to aposematic prey need to be understood in the wider and rich, theoretical framework of prey choice per se, and Skelhorn et al. recognize this. It is worth adding that the framework of state-dependent dynamic optimization (Houston and McNamara 1999) is perfect for analyzing decisions to attack or ignore aposematic prey, as the marginal cost of eating one is a function of two, time-and previous-action-dependent state variables, energy levels and toxin burden, that both affect survival. Furthermore, state-dependent models lend themselves to the incorporation of learning, not simply as a process that occurs before decision-making, but as an ongoing mechanism for updating information about a changing environment (e.g., Dall et al. 1999) . highlight the greatest deficit in our knowledge as being not just what, but how, predators learn about the multiple attributes of an aposematic prey type. Taking the position, outlined above, that possession of multiple attributes, good and bad, is true of any prey item, this would seem to be an alarming deficit. Skelhorn et al. state that "there have been no experiments investigating how animals integrate negative and positive reinforcements from the same action," and that experimental psychologists studying associative learning typically focus on one or the other, not both simultaneously. At face value, this is a strange claim because all experiments on instrumental learning involve actions that have both positive and negative associations: pressing a lever, pecking a key, or crossing an electrified grid (costs) to obtain a food pellet (benefit). Here, the fact that an action has joint consequences of punishment and reward is central to the experimental design: titrating one against the other allows one to establish the common currency for decisionmaking. However, in these classical learning paradigms, the reward and punishment associated with a given action were typically fixed and thus perfectly correlated. Therefore, such experiments cannot address an issue Skelhorn et al. highlight: are prey values encoded as a single internal variable representing the net consequence, or as two (or more) separate internal variables: positive associated value(s) and negative associated cost(s)? Even here, there are strong echoes of questions addressed at the interface between (biological) foraging
